A simple, inexpensive light trap is described for collecting night-flying insects. The components for constructing the light trap are described and the advantages and disadvantages for collecting different taxa of aquatic insects are discussed.
_____________________________________
The entomological light trap was aparently developed to collect insects of medical importance such as mosquitoes, midges, sand flies and black flies, but its application for collecting nocturnal insects is very old (e.g., Burks et al. 1938) . Nowadays, light traps are used to attract a wide variety of nocturnal flying insects and many kinds of light traps exist (Peterson 1964; Martin 1977; steyskal et al. 1986; Marshall et al. 1994; GiBB & oseto 2006) . Many are available commercially, but they can be homemade from relatively inexpensive materials. Some light traps collect the specimens alive, while others draw the insects into a killing chamber filled with cyanide crystals or a liquid preservative such as 80% ethanol.
Most aquatic insects and especially caddisflies (Trichoptera) are commonly attracted to lights, especially ultraviolet or black light, the exception being the few diurnal caddisfly species, e.g., Phylloicus species Müller (Calamoceratidae). One common practice is to hang a fluorescent black light in front of a white sheet (cloth or plastic) and to collect specimens with a killing jar or vial with alcohol after they are attracted to the light and land on the sheet. This is an active method and the ability of the collector to select individual specimens is a strong point. However, in the field this active collecting technique limits the collection to a single station, which may mean that the collector exerts a large effort, for a small result (i.e., few specimens under certain conditions).
Another approach is to use a passive methodology, by placing a lantern or fluorescent tube on or near a tray (the "pan trap" method of Blahnik & holzenthal 2004) and to increase the number of collecting sites by laying out several traps at different localities. Other examples of passive light traps include the New Jersey light trap (Mulhern 1942) or CDC trap (sudia & ChaMBerlain 1962) . The simplest pan light trap consists of a system to illuminate (generally a fluorescent tube) and a collecting recipient with alcohol or other preserving fluid at the bottom. The insects attracted by the light are traped and quickly succumb in the alcohol. Of course, the light must be placed within a few centimeters (no more than 10 cm or so) of the fluid. If the focus is on aquatic insects, the best place to run this trap is directly adjacent to any water body (e.g., streams or lakes).
The light pan trap described here operates from 12V batteries, which power a fluorescent daylight bulb (15W/12V) and a UV bulb (15W/12V), and one or two electronic ballast for the fluorescent lamps ( Figure 1 ). The use of electronic ballast makes this pan trap small and inexpensive. An alternative is inverters to convert the DC current from the battery to AC current to supply power to the common ballast (127V), which decrease the efficiency and consequently the battery's lifetime.
The nominal current of the battery (fully charged), the current drawn by the lights and from the electronic ballast will determine how long the light(s) will run. For example, a 45Ah car battery is sufficient to run two fluorescent 15W bulbs overnight (dusk to dawn). A sealed, rechargeable 14Ah gel battery (or two 7Ah batteries) will power the same lights for approximately 4 hours, and their chargers are inexpensive (Figure 2 ).
With the addition of timers a series of lights at different locations can be timed to all go on and/or turn off at the same time or for sampling at different times during the night (to contrast early flying vs. late flying species or for maintaining a the charge on the battery over several nights. Timers were used by Monson (1997) to collect from one hour before to one hour after sunset.
The light pan trap method can be used to collect all orders of volant, nocturnal aquatic insects, but for caddisflies there is an additional important point to consider: collecting them dry and mounting them on pins is the best method to preserve the taxonomically informative wing colors and patterns imparted by the hairs (for detailed methods for collecting caddisflies dry see Blahnik & holzenthal 2004) . This is also true for other night flying insects with wing vestiture (e.g., moths also lose their e-ISSN 1983-0572 e-ISSN 1983-0572 scales in alcohol, but some to a lesser extent then their sister order Trichoptera). Another disadvantage of the light pan trap method is the nonselective killing of Ephemeroptera. The immature winged stages (subimagoes) are attracted by UV light, often by the 1000s, but the taxonomic value of an alcohol preserved subimago is reduced because the pharate imago genitalia are not fully formed, cannot be dissected away from the subimago cuticle, or become damaged. With active collecting, the researcher has the opportunity to collect the subimago alive and keep it until metamorphosis. However, imago mayflies are also attracted to light pan traps.
Despite these disadvantages, the light pan trap can be used for others purposes, especially to increase the sampling effort and/or the number of collection sites. This trap is also extremely valuable for individuals who cannot be out at night to collect. For example, during an expedition in Acre State (Brazil), the first author used a light pan trap as the only tool because access to several streams was not possible during the night. Also, on mountains tops or other areas without trees or shrubs to hang a sheet, the light pan trap is a workable alternative. Similarly it is not affected by strong winds. On the other hand, in-flight of caddisflies to lights of any type is greatly reduced by cool temperatures (less that about 10-15°C), in which case other techniques must be used, such as Malaise traps or "yellow pan traps" (with ethylene glycol as a preservative, see Myers & resh 1999) .
Studies comparing the faunistic composition of Trichoptera communities and distinct land-use patterns (e.g., Collier et al. 1997; houGhton 2004 houGhton , 2006 suggest that light-trapping has great potential as a tool for biomonitoring. Similarly, yoshiMura & Maeto (2004), in their comparison of sampling methods for bioindicator insects, showed that many families of Trichoptera and one family of Plecoptera were collected only by light trap surveys. These authors related their result to the diversity of aquatic microhabitats occupied by caddisfly larvae, and the difficulty of identifying and collecting them all with aquatic collecting methods. This is strong evidence of the importance of light trapping in surveys of aquatic insects, including Trichoptera.
For molecular phylogenetic studies, the collection of adults is preferable to larvae, because the former are more easily identified to species (kjer 2004) , and the use of ethanol as a collecting and preserving agent is convenient and appropriate (in some cloning methods 96% ethanol is preferred). Thus, collecting adults by means of a pan trap is an excellent way to obtain material for later use in molecular studies.
In comparison to the CDC light trap, a commonly used light trap to catch nightflying insects, the light pan trap is more efficient in collecting aquatic insects, including chironomids, due to the attraction of these insects to UV. Moreover, the pan trap avoids damage to delicate specimens (e.g., caddisflies, mayflies, chironomids) caused by the moving fan blades of the CDC trap, and the immediate killing of specimens in alcohol by the light pan trap avoids the loss of captured specimens when the battery is spent.
In conclusion, the light pan trap is an excellent collecting device to maximize the number of collecting sites that can be sampled simultaneously and the number of specimens captured; to collect at sites that are difficult to access at night; to collect in treeless areas or under windy conditions where setting up a sheet is difficult; for quantitative collection of specimens for ecological studies; for the collection of specimens in alcohol for subsequent molecular studies; and for its low cost. However, whenever possible, a collection of pinned specimens should be made in parallel for those groups where it is more suitable (e.g., Trichoptera, Lepidoptera, Megaloptera, some Diptera, especially Culicidae).
